• Retrieval errors for the SMAP single and dual polarization algorithms are com-7 pared.
fectively reduced by averaging, auto-correlated errors will persist after temporal averaging 77 and therefore play a dominant role in root-zone soil moisture estimation errors. Finally, 78 information concerning soil moisture error auto-correlation is useful for the assimilation of 79 surface soil moisture retrievals into land surface models [Crow and Van den Berg, 2010] .
80
In an optimal data assimilation approach, auto-correlated observation error should be ac-81 counted for via an augmented state vector [Crow and Yilmaz, 2014] . However, existing 82 attempts to characterize SMAP soil moisture retrieval errors [e.g. Chan et al., 2016; Col-83 liander et al., 2017; Montzka et al., 2017; Ray et al., 2017] have not directly addressed the 84 degree to which these errors are auto-correlated in time.
85
Therefore, the primary goal of this study is to investigate both the total variance and 86 temporal autocorrelation coefficient of errors in SMAP Level 2 soil moisture retrievals 87 generated using both the SCA-V and DCA retrieval algorithms. The analysis will be con-88 ducted using an existing triple collocation (TC) approach [Scipal et al., 2008; Zwieback 89 et al., 2013] . In doing so, we seek to quantify both the presence of auto-correlated soil 90 moisture errors and attribute the spatial patterns of these errors to specific aspects of both 91 retrieval algorithms. 
TC based error analysis

94
Suppose three independent soil moisture products are available, and their zero mean 95 anomalies (x, y and z) are linearly related to the true soil moisture anomaly (θ) as [Gru-96 ber et al., 2016] :
where the α x , α y and α z represent the scale differences between the products and the 100 truth, and the x , y and z represent the errors of each product. 
111
In order to eliminate scale differences, TC analysis typically takes one product as 112 a reference and scales the other two products to this reference. Here, we take x as a ref-
113
erence product for illustration. Assuming the errors of the three products are mutually 114 independent and orthogonal to the truth, the scale parameters can then be calculated as:
Consequently, the scaled product (x * , y * , z * ) can be expressed as:
The variance of the errors (σ 2 x , σ 2 y and σ 2 z ) in the scaled products can be estimated as:
where · denotes temporal averaging. Likewise, the serial lag-1 temporal autocovariance 123 of the observation sequences (L x , L y and L z ) can be estimated as [Zwieback et al., 2013] :
where the subscript "L" denotes a serial lagged-1 vector. The ratio of the error auto-127 covariance (i.e. L x to L z ) and the error variance (i.e. σ 2 x to σ 2 z ) is the correlation coef-As shown in Dorigo et al. [2010] , the TC analysis is less robust for regions with low signal-to-noise ratio (SNR, the ratio of the variance of the soil moisture signal to the vari-
131
ance of the total soil moisture retrieval error [Gruber et al., 2016] et al., 1999; Naeimi et al., 2009] . A vegetation climatology is used for 180 removing vegetation impacts during the near real-time retrieval. Here, the ASCAT soil 181 moisture retrievals were resampled onto a 36-km EASE2 grid consistent with SPL2SMP.
182
To minimize the temporal differences between SMAP and ASCAT retrievals, only de-183 scending ASCAT data (9:30 AM local solar time overpass) were used in this study. 
NLDAS 2-Noah data
185
A third independent soil moisture product was collected from the Noah model run ance. Our central aim here is to better understand the temporal error characteristics of 284 retrievals acquired from both algorithms using a TC-based approach.
285
As expected, spatial patterns of error variance for both algorithms are closely related 286 to (annually-averaged) mean VWC conditions. Nevertheless, in terms of total error, SCA-
287
V slightly outperforms DCA, except for regions with large τ inter-annual variability (Fig-288 ure 1). In addition, error in SCA-V retrievals contains significant auto-covariance within 289 the eastern CONUS. In contrast, errors in DCA retrievals exhibit generally negligible er-
290
ror auto-covariance. We demonstrate that SCA-V and DCA retrieval error auto-covariance 
293
This leads us to the overall conclusion that both the presence of auto-correlated 
